Introduction
Vasculitis is a term for a group of rare disorders that share the defining feature of inflammation of blood vessel walls. They are mainly categorized by vessel size and include large-, medium-, and small-vessel vasculitides ( Fig. 1) [1••] . The vasculitides vary not only by the type of vessel involved but also by etiology, pathogenesis, organ involvement, and severity. The kidney is commonly affected and may even be the first expression of systemic vasculitis. Small-vessel vasculitis is the most frequent vasculitic lesion in the kidney and typically manifests as a glomerulonephritis [1••, 2, 3]. The large-and medium-vessel vasculitides may affect the kidney but do not typically cause glomerular disease [2, 3] . Glomerulonephritis is therefore exclusive to small-vessel vasculitis, and its presence may be helpful in evaluating vasculitis affecting the kidney.
The prognosis of vasculitic glomerulonephritis depends on early diagnosis and prompt initiation of treatment in order to prevent permanent loss of renal function [4] . Management of vasculitic glomerulonephritis is based on the underlying cause, and the optimal treatment in each is still debated. Corticosteroids are a mainstay in the treatment of systemic vasculitis, and they are often used in combination with other immunosuppressive agents [4, 5] . In the setting of kidney failure or other severe systemic manifestations, plasma exchange is also often used as adjunct therapy. Maintenance therapy is instituted once disease remission is achieved and often includes tapering doses of oral corticosteroids and less toxic immunosuppressants. Although various guidelines review available treatment options, the optimal treatment dosing and duration of therapy are not precisely known.
The efficacy of current therapeutic regimens has certainly improved long-term survival in vasculitis with renal involvement. The use of many of these agents, however, is limited by their toxicities, and strategies to minimize therapy-related complications are therefore equally important in management. The safety and efficacy of conventional treatments used in vasculitis are being determined more rigorously in the setting of prospective, randomized clinical trials. Increasing insight into the pathophysiology of vasculitis has also led to the development of new, and potentially less toxic, therapeutic alternatives. This review focuses on recent evidence relevant to the current management of select forms of small-vessel vasculitides that exhibit a predilection for renal involvement, including the antineutrophil cytoplasmic antibody-associated vasculitides, immunoglobulin A (IgA) vasculitis (formerly called Henoch-Schönlein purpura), and cryoglobulinemic vasculitis. 
ANCA-associated vasculitides
Anti-neutrophil cytoplasmic autoantibodies (ANCA), directed against the neutrophil granule proteins myeloperoxidase (MPO) and/or proteinase 3 (PR3), are directly pathogenic, and cause small-and medium-vessel vasculitides [6•]. The major forms of ANCA vasculitis are microscopic polyangiitis (MPA), granulomatosis with polyangiitis (GPA, formerly known as Wegener's granulomatosis), and eosinophilic granulomatosis with polyangiitis (EGPA, formerly known as Churg-Strauss syndrome).
The most commonly recognized presentation of ANCA-associated vasculitis (AAV) is the pulmonary-renal syndrome, with alveolar hemorrhage and kidney injury that typically manifests as a rapidly progressive glomerulonephritis. The presentation can, however, be influenced to some extent by the type of disease (i.e., GPA versus MPA), as well as the duration of disease prior to coming to the attention of an appropriate healthcare provider. In terms of kidney involvement, both GPA and MPA can present with severe kidney failure, at times requiring dialysis at presentation. EGPA less commonly involves the kidneys, and when it does, kidney disease tends to be less severe than in GPA or MPA. Dysmorphic hematuria with or without red blood cell casts, proteinuria, and an elevated serum creatinine are all clues to the diagnosis. Proteinuria is typically within the nephritic range (G3 g/day), but nephrotic-range proteinuria does not exclude AAV. Kidney disease can also occur absent other clinical manifestations [7] .
Most data on the incidence and prevalence of AAV come from studies in Caucasian populations of European descent, although there are also emerging data from Asia and parts of the Middle East. The average incidence of AAV in Japan appears to be similar to that in the UK, which have 22.6 and 21.8 cases per million individuals annually, respectively [8] . Collectively, there is believed to be an overall incidence of approximately 10-20 cases per million individuals annually in Caucasian patients of European descent [9] . There are also multiple reports that demonstrate differences in incidence relative to latitude. A north-tosouth positive gradient has been observed in the Southern Hemisphere, and a south-to-north positive gradient is seen in the Northern Hemisphere. In other words, the incidence of AAV appears to correlate with proximity to the equator. This association was apparent in a study from New Zealand, located in the Southern Hemisphere, where an increase in the incidence of GPA was noted moving from north to south [10] . A second study comparing the incidence of AAV in two regions of Europe (Norwich, UK, latitude 52°N; Lugo, Spain, 43°N; both in the Northern Hemisphere) found a higher incidence of GPA in Norwich, the more northerly latitude, than in Lugo, even though the overall incidence of AAV was nearly identical [11] . Interestingly, no such difference has been noted in MPA or EGPA.
The average age of disease onset varies somewhat within populations, but occurs predominantly in the sixth and seventh decades of life. The relationship of disease to this demographic may be somewhat skewed since, when evaluated retrospectively, a number of patients arguably have evidence of disease years prior to diagnosis. Diagnostic delays are well documented in the literature [12] . Furthermore, most studies of disease do not include pediatric patients, and it is important to remain cognizant that AAV can occur at any age [13] .
With regard to disease pathogenesis, the overall working model involves ANCA binding to MPO and/or PR3 on the surface of neutrophils and monocytes, which, in turn, causes cellular degranulation and release of toxic granule constituents into the extracellular small-vessel vasculature. Ensuing inflammation causes histopathologic changes consistent with small-vessel vasculitis. There are also emerging data that activation of the alternative complement pathway is involved in the pathognomonic inflammation [6•].
Treatment Diet and lifestyle
& There are no dietary associations with AAV that have been recognized; however, there are known legal and illegal drugs associated with development of the disease, including hydralazine, propylthiouracil, minocycline, and levamisole-adulterated cocaine. Serologically, patients generally have anti-MPO autoantibodies at high titers; dual positivity is rare. Patients also tend to be positive for other autoantibodies, including anti-nuclear autoantibodies (ANA), anti-double-stranded DNA (anti-dsDNA) autoantibodies, anti-histone autoantibodies, anti-lactoferrin autoantibodies, and other forms of ANCA, specifically anti-human neutrophil elastase (HNE) autoantibodies. In both illicit and prescription drug-induced AAV, cessation of the causative agent is imperative. Management otherwise is the same as in the idiopathic forms of disease (e.g., immunosuppressants, and plasmapheresis and hemodialysis as indicated by disease severity). Unfortunately, little is known regarding mechanisms underlying druginduced forms of disease [14] . & With regard to lifestyle, there is a known association with silica and development of AAV, suggesting that silica may serve as an environmental trigger [15] .
Pharmacologic treatment

Corticosteroids
& As is the case for many, if not all, autoimmune conditions, corticosteroids, which are relatively inexpensive, have been the mainstay of treatment for AAV for decades since the initial description of the disease. Standard treatment regimes include intravenous bolus doses of methylprednisolone followed by extended oral prednisone tapers until the disease is quiescent. Judicious use and careful monitoring for complications are recommended in patients with any form of hyperglycemia. & It is important to note that corticosteroid use in AAV has been shown to be of little utility after the 6-month mark of therapy and that subsequent use is only shown to increase morbidity [16] .
Cyclophosphamide
& Cyclophosphamide in combination with corticosteroids has been used historically as induction therapy for AAV. Fauci and colleagues were among the first to establish this role, and demonstrated that patients with AAV responded well to induction therapy with cyclophosphamide, which had traditionally been reserved for patients with malignancy [17] . Multiple animal models have demonstrated cyclophosphamide's immunosuppressant activity, apart from its antimitotic (i.e., cytotoxic) characteristics, which are used to advantage in the treatment of malignancy [18] . & Intravenous and oral formulations of cyclophosphamide can be used and are largely equivalent. & Cyclophosphamide is cytotoxic and can cause leukopenia resulting in infectious complications. & Cyclophosphamide dosing should be reduced on a case-by-case basis using the estimated glomerular filtration rate (eGFR). and there are numerous case reports, case series, and retrospective studies that suggest efficacy of this strategy [22•, 23] . The MAINRITSAN 1 trial (NCT00748644) in France showed that rituximab (2 infusions of 500 mg separated by 2 weeks every 6 months × 3 courses) is superior to azathioprine (2 mg/kg/day for 12 months, then 1.5 mg/kg/day for 6 months, and then 1 mg/kg/day for 4 months) at maintaining remission in patients with AAV [24••] .
Alternative therapies
& Of note, there are several alternative drug options for maintenance of immunosuppression, including azathioprine, mycophenolate mofetil, methotrexate, and leflunomide. Controlled trials of these various options are limited. A meta-analysis looking at the comparative efficacy of azathioprine, mycophenolate mofetil, methotrexate, and leflunomide found a 55 % probability that leflunomide is superior to the other three agents for remission maintenance [25] . However, true head-to-head comparisons are lacking. Therefore, provider preference, patient tolerance, cost, and risk of drug-specific adverse effects all play a role in which medication is selected.
Interventional procedures
Apheresis
& The role of apheresis in AAV is primary given the pathogenetic import of the autoantibodies themselves. & Treatment with plasma exchange is superior to immunosuppression without plasma exchange given the results of the MEPEX trial for patients with AAV affecting the kidneys [26] . & The PEXIVAS trial is currently underway to determine the efficacy of plasma exchange in AAV among patients with milder forms of disease (NCT00987389). 
Emerging therapies
Pediatric considerations
At diagnosis, 80 % of children with AAV have significant renal impairment, and 20-30 % require dialysis [29, 30] . This loss of renal function is rarely completely reversible, and 80 % children will have chronic kidney disease after long-term follow-up [29, 30] . In addition, disease-free remission is rare, and 80 % of children will experience one or more disease relapses [31, 32] . No clinical trials have been conducted in pediatric AAV, and almost all knowledge about optimal treatment and outcomes has been extrapolated from adult studies or collected from small case series. Pediatric patients are often given remission-induction treatment with corticosteroids and cyclophosphamide [33] . Rituximab is recommended in refractory or relapsing disease [33] . Methotrexate, mycophenolate mofetil, or azathioprine is often used in maintenance therapy [33, 34] . Drug dosages need to be adjusted by the child's weight and renal impairment if present.
IgA vasculitis
IgA vasculitis (IgAV), formerly called Henoch-Schönlein purpura, is characterized by the deposition of IgA-containing immune complexes in the walls of small vessels [1••]. The disease is rare in adults with an estimated incidence of 0.1 to 1.8/100,000/year [35] . The mean age at diagnosis ranges from 45 to 50 years [36] . The classic tetrad of IgA vasculitis includes non-thrombocytopenic palpable purpura, arthritis and/or arthralgia, abdominal pain, and renal disease. Compared to children, adults with IgAV have a lower frequency of abdominal pain and fever [37] . Adults, however, have a higher frequency of joint pain and a significantly higher frequency and severity of renal involvement [37] [38] [39] 
Treatment Diet and lifestyle
& There is an epidemiologic association between celiac disease and IgAN [42] . Such an association is also suggested with the far less common IgAV. Secretory IgA and circulating IgA immune complexes with high activity to gliadin are detected in some patients with IgAV [43] . The prevalence of celiac disease and of seropositivity for anti-endomysium IgA or IgG, anti-deaminated gliadin peptide IgA, or anti-tissue transglutaminase IgA was significantly increased among Turkish children with IgAV compared to that of healthy controls [44] . Screening for celiac disease should be considered in IgAV, especially with symptoms suggestive of gluten sensitivity.
Pharmacologic treatment
Corticosteroids & Treatment with corticosteroids at the onset of IgAV disease does not prevent the emergence of nephritis [45] . & Treatment with corticosteroids for 6 months is suggested for patients with IgAV and persistent proteinuria 91 g/day despite maximum tolerated renin-angiotensin system (RAS) blockade with an angiotensinconverting enzyme inhibitor or angiotensin receptor blocker [46••, 47] . In a recent large randomized control trial (RCT) in Caucasian patients with IgAN, treatment with corticosteroids for 6 months was associated with a greater likelihood of complete remission (urine protein-to-creatinine ratio G0.2 g/day with stable eGFR); corticosteroids, however, did not improve the annual decline in eGFR or the likelihood of a ≥15-ml/min decline in eGFR from baseline [ 
Cytotoxic therapies
& The role of cyclophosphamide in the treatment of IgAV is poorly established. In a RCT of patients with severe IgAV, the addition of cyclophosphamide (6 intravenous doses of 0.6 g/m 2 over 4 months) to corticosteroids (intravenous methylprednisolone 7.5 mg/kg/day × 3, followed by oral prednisone starting at 1 mg/kg/day for 1 week, and gradually tapering over 6 months) was not associated with a demonstrable benefit at 6 months as measured by the frequency of complete remission or renal outcomes [51] . This study, however, was limited by its relatively small sample size. Treatment with cyclophosphamide in addition to corticosteroids should be considered in patients with rapidly progressive glomerulonephritis or with renal insufficiency associated with necrotizing or crescentic glomerulonephritis [48•] .
CD20 blockade
& Data on the use of rituximab in IgAV is limited to small case series [52] .
Rituximab treatment (total cumulative dose of 4 g over 1 year) was not associated with benefit over supportive therapy alone in an open-label RCT in 34 patients with IgAN and persistent proteinuria despite RAS blockade [53] . Although tonsillectomy has been associated with clinical remission, it is unclear to what extent, if any, it improves the long-term renal survival. Tonsillectomy has similarly been suggested in the treatment of IgAV; however, the evidence is limited to case reports and small case series [55] . Although tonsillectomy is not recommended for the routine care of patients with IgAN or IgAV, it may be considered in patients with documented recurrent relapses of IgAV or nephritis in association with recurrent bacterial tonsillitis.
Surgery
Tonsillectomy
Kidney transplantation
& Recurrent IgA deposition is frequent in the kidney allograft after transplantation and is of unclear significance. The clinical significance of IgA deposition is frequently unclear as it may be detected in protocol biopsies without clinical signs of nephritis. Contrary to what has been previously purported, a more recent study has associated recurrent IgAN with decreased graft survival at 15 years [56] . Patient and graft survival after kidney transplantation for IgAN without recurrent disease is similar to that of controls. Similar data focused on recurrent disease after IgAV are not available.
Pediatric considerations
IgAV is the most common form of systemic vasculitis in children.
More than 90 % of cases occur in children, with a peak incidence between 4 and 7 years of age [36, 57] . IgAV in children has a distinct seasonal pattern with an increased incidence in the fall and winter months in contrast to that of adults. The disease is milder and spontaneously resolves in 90 % of children [57] . Renal involvement is the main determinant of prognosis, and nephritis is estimated to occur in 30 % of children with IgA vasculitis [58•] . The basic principles of supportive care in children with IgAV are similar to those in adults. As in adults, there is no evidence that the use of corticosteroids prevents the development of nephritis in children with IgAV [59, 60••] . Corticosteroids may have a role for children with severe disease requiring hospitalization, severe abdominal pain, or other severe gastrointestinal complications [61, 62] . The use of corticosteroids increased the odds of resolution and reduced the mean time to resolution of abdominal pain [61] .
Cryoglobulinemic vasculitis
Cryoglobulinemia refers to the presence of immunoglobulins in serum that precipitate in cold temperature and dissolve on rewarming [63, 64] . Cryoglobulins are classified into three types based on type and clonality of immunoglobulins [65, 66] . Type I consists of monoclonal immunoglobulin (Ig) and is typically associated with lymphoproliferative diseases. Type II cryoglobulins are usually a mixture of monoclonal IgM and polyclonal IgG, while type III cryoglobulins are composed of polyclonal Ig. In types II and III cryoglobulins, the IgM fraction typically has rheumatoid factor activity. Types II and III cryoglobulins are also referred to as mixed-type cryoglobulinemia (MC) and are often secondary to an underlying disorder, including autoimmune disease, infection, or malignancy [64] . The most common cause of MC is chronic hepatitis C virus (HCV) infection [63, 64] . Essential MC refers to the absence of underlying disease and accounts for 10 % of all MC [64, 67, 68] .
Not all individuals with cryoglobulins are symptomatic or develop vasculitis. The most frequent clinical manifestations are petechiae, purpura, peripheral neuropathy, and renal disease [67, 69, 70] . Other clinical manifestations include fever, weakness, myalgia, arthralgia, arthritis, and lung disease [71] . The histopathologic hallmark of mixed cryoglobulinemic vasculitis (CV) is a small-to-medium-vessel vasculitis due to deposition of cryoglobulin-containing immune complexes and complement activation [1••, 72] .
Renal involvement occurs in 20-30 % of MC cases and typically presents with proteinuria and microscopic hematuria with mild to moderate renal insufficiency [67, 69, 70] . The most common histologic pattern on renal biopsy is membranoproliferative glomerulonephritis with depositions of Ig and complement in the subendothelium [70, 73, 74] . Other histologic patterns noted include mesangial glomerulonephritis, segmental and focal glomerulonephritides, and membranous glomerulonephritis [70, 71] . The presence of kidney disease is associated with worse prognosis and increased mortality risk in CV [69] .
Treatment of CV is tailored according to the underlying disorder and the severity of the disease. The goals of treatment include eradication of an underlying disease if present, symptomatic relief, and containment of vasculitis to reduce irreversible organ damage. Regardless of etiology, immunosuppressive therapies should be used in cases of rapidly progressive, organ-threatening, or life-threatening disease [75] .
Treatment Diet and lifestyle
& There are small studies and case series that suggest a low-antigencontent (LAC) diet may reduce symptoms and decrease the amount of circulating immune complexes [76, 77] . Depending on the study, the LAC consisted mainly of vegetables, fruits, and rice. A LAC diet can be considered supportive, should not be used alone in moderate to severe disease, and does not alter the natural course of the disease.
Pharmacologic treatment
Antiviral therapy
& Pegylated interferon-α (PEG-IFN) combined with ribavirin is considered standard of care for HCV treatment [75, 78] . Treatment with PEG-IFN (1.5 μg/kg/week) plus ribavirin (800-1200 mg/kg/day) results in clinical response in most patients with HCV-related CV, and clinical response correlates with HCV eradication [79, 80, 81•] . & Case reports suggest lamivudine (100-150 mg/day) or entecavir (0.5 mg/day) may be effective in hepatitis B virus (HBV)-related CV [82] [83] [84] [85] . Dose adjustments are recommended for renal impairment. Antiviral therapy for HBV is recommended when any immunosuppression is initiated.
Corticosteroids & There are no rigorous studies evaluating the use of corticosteroids in the treatment of CV. High-dose or pulse corticosteroid therapy is indicated for severe disease manifestations, including glomerulonephritis [86] . Short bursts of low-intermediate doses of corticosteroids may be considered for disease flares, but more chronic treatment should be avoided, due to an unfavorable side effect profile [75] .
Cytotoxic therapies
& The role of cyclophosphamide in the treatment of CV is very limited. Most of the available data is from small case reports and series and predates the discovery that HCV is a major cause of CV [87] [88] [89] [90] . Cyclophosphamide has mainly been used in cases of renal involvement or severe polyneuropathy. Cyclophosphamide is typically only considered for severe disease and when other therapeutic options fail or are contraindicated. Cyclophosphamide is usually used in combination with apheresis. Typical cyclophosphamide dosing is 2 mg/kg/day orally for 2-4 months, with adjustments made for age and renal impairment. There is risk of increased viral replication with cyclophosphamide. Pediatric considerations CV is very rare in children. Compared to adults, children with cryoglobulinemia have more prolonged fever, arthralgia, arthritis, and cutaneous involvement [106] . The basic principles of supportive care and treatment in children with CV are considered similar to those in adults, though there is little data. The medications used for CV in adults are also used in children, and the indications and contraindications are similar. Drug dosages need to be tailored to the child's weight. Special consideration must be given to potential side effects and to issues of compliance. Administration of live viral vaccines are avoided in children receiving immunosuppressive treatment. Longterm corticosteroids should be avoided and have undesirable adverse effects, including stunted growth.
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